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EDITORIAL 
PATHOLOGICAL PHYSIOLOGY AS A BASIS 
FOR MEDICAL PRACTICE 
The primary interests of the clinician re-
volve around the three general topics of diag-
nosis, therapy, and prevention of disease. Re-
gardless of the extent of his factual knowledge, 
his ability to accurately diagnose disease and 
to instruct and treat patients satisfactorily 
bears a direct relationship to his working 
knowledge of physiology, biochemistry, and 
· pathology. 
Whatever symptom a given patient may 
have is due to his ci>nscious recognition of a 
physiological action. Such recognition may be 
brought to his consciousness over the common 
somatic afferent pathways or through the spe-
cial senses. For example, he is conscious of the 
existence and location of pain associated with 
angina pectoris; or the numbness of the fingers 
and the contractures of certain muscles caused 
by the acapnia of hyperventilation. In recog-
nition of the presence of.inadequate and dif-
ficult breathing, he is informed that he has 
dyspnea. He becomes conscious of the depend-
ent edema or cyanosis of myocardial failure 
by what he sees more than by what he feels 
or of the bruit of Leudet associated with mid-
dle ear pathology, by what he hears. 
Sometimes certain symptoms must be recog-
nized by the physician as resulting from nor-
mal physiology. When present they indicate 
response of a healthy subject. Unfortunately 
such normal responses are not always so inter-
preted by patients, and more unfortunately 
th.ey are not uncommonly misinterpreted by 
the physician. 
On the other hand, most symptoms result 
from physiological reactions which can be 
classified as abnormal. As a rule, the majority 
of symptoms which are brought to the at-
tention of the physician by his patient are 
included in the classification of being abnor-
mal, or at least unusual. The proposition that 
there is a legitimate cause for all such physio-
logical disturbances must be accepted and 
agreed to. In other words, there is a definite, 
if not a specific, pathological state which forms 
the primary background for the existing ab-
normal physiology and the associated trouble-
some symptoms. Even though organic lesions 
are frequently the basic causes of the physio-
logic state which exists in given subjects, for 
one to promote the idea that the pathological 
state is always a well-defined or demonstrable 
anatomical lesion would be a gross misstate-
ment of facts. Even to project the thesis that 
existing organic lesions always give rise to 
easily recognized physiological disturbances 
and thereby to well-defined sympto1ns or syn-
dromes, would be an equally serious error. 
The situation is seldom that simple. 
In defining a given pathological state one 
must keep clearly in mind that it may or may 
not be associated with demonstrable anatom-
ical abnormalities; that the apparent physio-
logical explanation of existing symptoms may 
be of minor consequence as compared to other 
physiological disturbances which remain hid-
den to a superficial analysis and which require 
rather deep and organized probing to find, 
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in mind what happens to food after it is eaten. the most good, and altogether too often has 
Therefore, he should have an understanding actually contributed to harm. This does not 
of the processes of digestion, absorption, and mean that all such individuals are insincere 
metabolism. He should have in mind the re- or malicious, but it does emphasize the neces-
lationships between food and other body func- sity of one's having a sound working knowl-
tions. Otherwise, how could he be in a posi- edge of the physiology of the human organism 
tion to prescribe what, how, when, and where before he is in a position to prescribe. 
to eat? In conclusion, emphasis is placed upon the 
The same principles apply to rest, exercise, , fundamental propositions that the conditions 
recreation, mental attitudes, environments, of life which affect the average human being 
and other factors which may have an in- are complicated; that all factors which touch 
fluence on the life and the well-being of any him and his living conditions have an influ-
person. ence upon his inherent complicated physi-
As previously intimated; the unphysiologi- ology; and that the doctor of medicine must 
cal approach to the solution of the problem have a practical knowledge of the factors which 
of preventive medicine, such as has been may be involved in promoting normal physio-
promoted by certain enthusiasts both within logical actions before he is in a position to 
and without the profession, has frequently diagnose disease, prescribe treatment, or direct 
been detrimental to the accomplishment of in the prevention of human ailments. 
w. E. MACPHERSON, M.D • 
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THE NEUROPSYCHIATRIC FACTOR IN 
ALLERGIC DISEASE* 
NORMAN SHURE, M.D. and M. COLEMAN HARRIS, M.D. 
For some time allergists have recognized 
that a certain percentage of their cases are 
no more than temporarily or partially relieved 
by conventional allergic management. In some 
instances no benefit at all is obtained. The 
reasons for unsuccessful therapy in thes~ pa-
tients have been attributed to (a) improper 
diagnosis, (b) unrecognized pathology, (c) 
undiscovered allergic factors, (d) misunder-
stood or inadequate skin tests, ( e) incomplete 
desensitization, and (f) failure of the patient 
·to cooperate in allergic management of the 
case. 
During the past decade, but very particu-
larly during and since World War II, there 
has been an ·increased interest of the profes-
sion in the neuropsychiatric, or psychosomatic, 
aspects of all branches of medicine. Recently, 
in a paper presented before a national group 
of allergists, Abramson discussed psychody-
namics in allergic patients. From his discus-
sion it is clear that the neuropsychiatric as-
pects of allergic disease have not as yet been 
clearly understood, adequately evaluated, or 
nosologically aligned. This recent emphasis 
on psychosomatic relationship in allergic dis-
ease constitutes, in effect, a return of the pen-
dulum. For example, in reviewing the defini-
tion of bronchial asthma in the various edi-
tions of Osier's Principles ·and Practice of 
• Read before the Poa111raduate Aaembly of the College of Medical 
Evanplia11,_Man:h 9_. 1948. From the Department of Allergy, White 
Memorial noapiw, LOI Angelea, California. 
Medici1'e, Eyermann points Out that in the 
first edition, published in 1892, asthma was 
defined simply and solely as a "neurotic afflic-
tion." In subsequent editions the term "neu-
rotic" was qualified and further modified. In 
the twelfth edition published in 1935, the 
word "neurotic" was deleted. But now psychi-
atrists are using the term "psychosomatic 
asthma" to designate the psychogenic cause 
of the disease as ·opposed to the allergic or 
infectious origin, which most of us had begun 
at last to feel was firmly established. 
Though the derivation of the term "psy-
chosomatic," now part of the glib vocabulary 
of every physician, is quite obvious, it has at 
least two connotations. On the one hand, to 
those physicians who think only in terms of 
organic pathology, the adjective indicates the 
effect of the mind on organic disease. To these 
physicians, it is conceivable that psychologic 
influences may aggravate, precipitate, or main-
tain the symptoms of an already existing or-
ganic disease. In World War II medical of-
ficers, both in the Army and Navy, frequently 
saw examples of this. The precipitation and 
exaggeration of symptoms in such conditions 
as peptic ulcer were notable. 
On the other hand, psychiatrists are inclined 
to use the . term "psychosomatic'' to indicate 
a disease or illness which originates de novo 
as a result of personality problems, emotional 
influences, or psychological factors. Peptic 
Copyright, 1949, by Review and Herald Publishing Association. 
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a. minimum. C;arrying this thought still fur-
ther, we can place properly the case which 
presents good skin reactions but does not 
respond well to antigenic treatment into the 
category where 50 per cent of each, the in-
trinsic and extrinsic factors, may be operat-
ing. The treatment of the patient with 90 
per cent intrinsic and 10 per cent extrinsic 
allergy would by necessity be primarily J>SYchi-
atric. That of the patient with 90 per cent ex-
trinsic and 10 per cent intrinsic would be 
primarily allergic. The treatment of the 50-
50 case obviously would require both allergic 
and psychiatric therapy. 
It is our belief that no purely emotional 
allergic disease, 100 per cent intrinsic and 0 
per cent extrinsic, exists. The individual at-
tack of asthma or hay fever, for example, may. 
possess a high degree of emotional compo-
nents, but the person must be allergic, in the 
organic sense, basically. 
It is important that one differentiate the 
allergic state from the allergic attack. The al-
lergic state is a condition inherent in the in-
dividual with a hereditary predisposition to 
sensitization. The allergic attack is a physical 
phenomenon, expressing outwardly the latent 
tendency of the allergic state upon exposure 
to specific excitants. · These excitants, we be-
lieve, may be neuropsychiatric as well as al-
lergic. It is our belief, too, that no purely 
organic disease, 100 per cent extrinsic and 0 
per cent intrinsic, exists. We accept the con-
cept that a person in the allergic state who 
.exhibits positive skin reactions, but is symp-
tom free, is considered to be in perfect allergic 
balance with his environment. We extend this 
idea of equilibrium and feel that an allergic 
individual with no symptoms is in complete 
harmony with his psyche as well as with his en-
vironment. Su.ch a person will develop symp-
toms when he comes in contact with an over-
whelming dose of pollen or when he meets a.n 
intolerable, emotional situation. 
It is interesting to speculate· on the several 
mechanisms which may explain properly this 
interrelationship of mental and organic con-
trol of allergic disease. One is the thought that 
the allergic response is, at times, in the nature 
of a conditioned reflex. 
Anaphylactic reactions based on a condi-
tioned reflex have been produced in animals. 
Metalnikov sensitized rabbits with cholera 
organisms and produced nonfatal anaphylactic 
reactions by subsequent injections of the chol-
era vibrion. Each injection was invariably ac-
companied by the beating of a gong and it 
was possible eventually to elicit the expected 
allergic reaction merely by the sound of the 
gong. An attack of asthma may easily be initi-
ated with an association of ideas conditioned 
by previous attacks. 
Another possible explanation for the mech-
anism of an allergic response aided or initiated 
by emotional factors is that psychic influences 
may condition the autonomic nervous systelll 
in such a manner that excitants previously 
unable to produce reactions can now pene-
trate the barrier removed by the new thresh-
old and cause an allergic response. When it 
is remembered that the respiratory tract, from 
its anatomic position and embryologic origin, 
is closely connected with the gastro-intestinal 
tract, and that, furthermore, both are largely 
controlled by the autonomic nervous system, 
it is readily apparent that just as psychic in-
fluences such as fear, love, anger, and hate 
affect digestion, they also may play an im-
portant role in the production of dyspnea, 
orthopnea, chronic cough, and edema of the 
nasal as well as bronchial mucous membrane. 
It is entirely possible that emotional up-
heavals may influence the allergic state by way 
of the vascular mechanism. The relationship 
between the cortex and the thalamic area is 
well known. The thalamu,s is the great emo-
tional center of the brain, and by its connec-
tions to the hypothalamus, influences the 
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autonomic nervous system. Thus, emotional 
impulses from the higher centers of the brain 
may increase, by way of the autonomic nervous 
system, the permeability of blood vessels and 
allow the penetration of allergens previously 
heJd back by the vascular barrier; or by in-
creasing the blood supply to a susceptible 
shock tissue or organ, they may aid indirectly 
the union of the circulating antigen with the 
sessile antibody. 
The question now arises about the effect of 
organic disease on the psyche. In prolonged 
illnesses, this has long been recognized. In 
allergy, an attack of asthma, with its terrify-
ing sense of suffocation, is a frightening ex-
perience. An asthmatic who has to look for-
ward to these repeated attacks of suffocation, 
with their attendant feeling of helplessness, 
is likely to be grouchy, irritable, quarrelsome, 
and apprehensive between his attacks. During 
his attack this anxiety, aggravated by the situ-
ation, often has the tendency of perpetuating 
the seizure, thereby producing a vicious cycle. 
Whatever the explanation, the complementary 
interrelationship of the psychic and organic 
factors is important in the production of al-
lergic disease. 
SUMMARY 
A concept of the causation of allergic dis-
ease herewith is presented in which, in addi-
tion to the allergic factors, emotional states 
and psychic stimuli are introduced as integral 
parts of every case. The adoption of the terms 
"intrinsic" for the neuropsychiatric factors 
and "extrinsic" for the organic factors in the 
production of allergic disease is suggested. 
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QUANTITATIVE SUGAR ESTIMA rIONS IN 
PLEURAL FLUID-AN AID TO DIAGNOSIS* 
. 
A PRELIMINARY REPORT 
JOHN E. PETERSON, M.D. 
It frequently takes several weeks to estab-
lish fully the etiology of serous pleural effu-
sion, and during this period decisions regard-
ing prognosis and management are often dif-
ficult. Even though the concept that sero-
fibrinous pleurisy with effusion is usually 
tuberculous may be correct, there are many 
cases due to other causes. Metastatic car-
cinoma, lymphoblastoma, and bacterial pneu-
monia often cause pleuritic pain and effusion. 
Hydrothorax from adherent pericardium and 
from cardiac failure may also have its true 
cause undiagnosed for several months. One 
recent etiologic study (Tinney and Olsen) 
of 193 cases of serous effusion determined that 
51 per cent were of neoplastic origin, 20 
per cent were infectional, and in 18 per cent 
the fluid was due to congestive heart failure. 
Nearly all physicians have seen cases where 
after four to six months of treatment as " tuber-
culosis" the true cause of an effusion is found 
to be tumor, or adherent pericardium, or some 
ot4er lesion. It may be argued that the patient 
is not harmed by this period of rest, but there 
is certainly much time and convenience lost, 
and in some cases the psychological trauma 
from the inaccurate prognosis may be con-
siderable. 
In the search for the cause of a serous pleural 
effusion, there are several procedures that 
may be· useful in narrowing the etiologic field. 
The gross appearance of the fluid, the specific 
gravity, protein content, and cellular detail 
may all be useful in this connection. In many 
cases, however, all these measures furnish un-
• From the Department or Internal Medicine, College or Medical 
:EV11J11elisb. 
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satisfactory clues, and any simple procedure 
that might additionally aid in directing our 
attention toward the correct etiology would 
seem worth while. 
Because of these views we were much in-
terested in the work of Nassau and of Garre 
and his associates on the prognostic signifi-
cance of the glucose content of pleural effu-
sions. Their work dealt principally with tuber-
culous effusions. We are now reporting our 
own preliminary studies in which the sugar 
content of effusions due to various causes is 
compared. 
PLAN OF STUDY 
Pleural fluid was collected aseptically in one-liter 
bottles in which sodium citrate had been placed as an 
anticoagulant. As soon as the specimen was collected 
it was taken promptly to the laboratory, where the 
sugar content was determined by the Folio-Wu 
method. Direct smears were stained by the Gram and 
Ziehl-Neelsen methods, and examined. The material 
was cultured aerobically on blood agar, Sabouraud's, 
and Petragnani's media. Anaerobic conditions were 
provided by nutrient brain broth and a Spray plate. 
One or more guinea pigs were inoculated in all but 
one case (No. 14). In several cases a sample of venous 
blood was obtained at the time of thoracentesis, and 
the sugar content of this was compared with that of 
the pleural fluid. 
This present report deals with 33 cases in 
which we have collected one or more speci-
mens of pleural fluid. Nearly all these were 
grossly serous, and the exceptions are noted 
in Table V. The cases were selected only to 
the extent that they were those whose fluid 
could be examined promptly and in whom a 
fairly complete clinical study could be made. 
RESULTS 
The results of this study are shown in the 
following tables. 
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TABLE I 
Pleural 
Blood Fluid 
Direct Guinea 
No. Patient 
Sugar 
mgm.% 
Sugar 
mgm.% Smear Cultuno Pig Clinical Diagnosis 
I. W.A. ·140 149 Neg. Neg. 
124 
l!H 
2. C.D. 147 Neg. Neg. 
!I. B.C. 105 155 Neg. Neg. 
1!17 
97 
4. L.S. 61 Neg. Neg. 
5. O.N. 1!12 141 Neg. Neg. 
95 1!11 
6. C.I. 1!12 Neg. Neg. 
7. K.K. 12!1 1!16 Neg. Neg. 
8. D.N. 159 Neg. Neg. 
9. J.J. 112 Neg. Neg. 
Table I consists of 9 cases, all with a clinical 
diagnosis of congestive heart failure. The ef-
fusions were all sterile in these cases, and the 
sugar levels are comparable with what might 
be expected in the blood. It has been shown 
that the sugar content of serous pleural fluid 
usually parallels that of the blood, and sugar 
tolerance tests (Warembourg and Bocquet) 
show similar curves. There is likely to be some 
lag in the changes occurring in the pleural 
fluid. 
In Table II there are 6 cases of neoplastic 
disease. All but one of these patients had meta-
static carcinoma, and in one, tumor cells were 
recovered from the fluid. Here again the sugar 
content of the fluid is similar to that of the 
blood. There are too few cases to state that the 
Neg. Cor Pulmonale 
Silicosis 
Emphysema 
Neg. Congestive Heart Failure 
Arteriosderotic Heart Disease 
Neg. Congestive Heart Failure 
Arteriosderotic Heart Disease 
Neg. Congestive Heart Failure 
Hypertensive Heart Disease 
Neg. Anasarca 
Arteriosderotic Heart Disease 
Portal Cirrhosis 
Neg. Congestive Heart Failure 
Hypertensive Heart Disease 
Neg. Right Pleural Effusion 
Arteriosderotic Heart Disease 
Myocardial Infarction 
Neg. Congestive Heart Failure 
Rheumatic Heart Disease 
(old) 
Neg. Cor Pulmonale 
Silicosis 
somewhat lower levels of both may reflect the 
metabolic changes occuring in chronic neo-
plastic disease. 
Table III is composed of cases in which the 
effusion 'is proved to be, or is strongly sus-
pected of being, tuberculous. In the first 8, 
tubercle bacilli were demonstrated by guinea 
pig inoculation. The fourth case is that of 
a young woman with early pulmonary tuber-
culosis, who suddenly developed pleural ef-
fusion-along with other signs of an active 
tuberculous lesion. Only one specimen of fluid 
from this patient was available to us for study, 
and no organisms were recovered from this 
single specimen. It is noted that the sugar 
content of these infected fluids is markedly 
reduced. 
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TABLE VI 
Pleural 
Blood Fluid 
ow-
:" :" 
• Dinct 
Clinical n...-.No. Patient s- Culture Pia 
25. J.V. 76 Neg. Neg. Neg. Right Pleural Effusion 
Portal Cirrhosis 
26. L.F. 100 83 Neg. Neg. Neg. Right Pleural Effusion 
Lobar Pneumonia, Right 
Lower Lobe 
27. G.G. 175 50 occl. Neg. Neg. Pleural Effusion 
100 ? pus Underlying Pneumonia 
Etiology ? 
28. M.S. 89 Neg. Neg, Neg. Serous Effusion 
75 Youn5 female 
·Rapi recovery 
29. L.T. 242 Neg. Neg. Neg. Diabetes 
316 231 Intercapillary glomerular 
270 238 sclerosis 
Uremia 
Autopsy 
30. E.M. 104 64 Neg. Neg. Neg. Pulmonary Tuberculosis 
Far advanced 
31. ' R.J. 126 54 Neg. Neg. Neg. Massive Right Pleural 
121 71 Effusion 
84 Tuberculosis ? 
79 Not verified 
32. F.R. 79 68 Neg. Neg. Neg. Pulmonary Tuberculosis 
Not verified 
33. N.V. 158 110 Neg. Neg, Neg. Polyserositis 
97 114 Etiology ? 
content of the pleural fluid may provide an Nassau, E.: Diagnostic and prognostic value of estima· 
early clue to the etiologic diagnosis. When tiona of free sugar in pleural effusions, Tubercle 22:249-251 (Oct.) 1941. 
the level was low, infection was usually proved Stewart, R. A., Meyer, K. F.: Studies in the metabolism 
in our cases. When the sugar content was of coccidioides immitis (Stiles), J. of Infectious Diseases 
similar to that of blood, some other cause was 65:196·245 (Sept.) 1958. 
Tinney, W. S., and Olsen, A.,M.: The significance of 
usually discovered. fluid in the pleural space: a study of 274 cases, Proceedings 
of the Staff Meetings of the Mayo Clinic 20: no. 6, 81-85 
REFERENCES (March 21) 1945. 
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CURRENT COMMENT 
A RESUME OF INTRA VENOUS PROCAINE THERAPY* 
FRED B. MOOR, M.D. 
The most surpnsmg development among 
new uses for old drugs is the intravenous in-
jection of procaine for a variety of clinical 
conditions. This drug was synthesized by Ein-
horn in 1905. In 1909 Bier produced anes-
thesia in the extremities by injecting procaine 
intravenously distal to a tourniquet. On ac-
count of the occasional fatal outcome from 
. the use of procaine for local anesthesia, how-
ever, it has, until recently, been considered 
unsafe to inject the drug into the venous 
. circulation. Now that it has been shown that 
procaine can, with comparative safety, be ad-
ministered intravenously, its clinical use is 
expanding rapidly. 
CHEMISTRY AND PHARMACOLOGY 
Procaine hydrochloride is para-aminoben-
zyl-diehylaminoethanol hydrochloride: 
Procaine hydrochloride occurs as colorless 
crystals which are soluble in 0.6 part of water 
and 30 parts of alcohol. It is stable to tempera-
tures as high as I 00 C. 
Goldberg, Koster, and Warsaw have shown 
that when procaine is injected, it is hydrolyzed 
in the liver by an esterase into para-amino-
benzoic acid and diethylaminoethanol. The 
para-aminobenzoic acid is then acetylated. In 
1919, Eggleston and Hatcher demonstrated 
that nearly 95 per cent of injected procaine 
• From the Department or Therapeutia, Colleae or Medical E\'IUl-
plista. 
may be recovered in ten to twelve hours from 
the urine as ·para-aminobenzoic acid, para-
aminohippuric acid, para-aminobenzoyl gly-
curonate, diethylaminoethanol, and traces of 
procaine. Graubard et al.b found that twenty 
minutes after the' intravenous injection of 20 
mg. of procaine per kilogram of body weight 
in the rabbit, only traces could be found in 
the blood stream of the animal. On the basis 
of this study these authors evolved a dosage 
method based on body weight for the human 
as follows: 
4 mg/kilogram of body weight 
= I procaine unit 
in 20 minutes. 
It was recommended that this be given in a 
0.1 per cent solution, so that I mil contained 
1 mg. of the drug. From clinical experience, 
the authors found this dosage to give optimal 
results with a minimum of toxic reactions. 
Mautz showed that the local application of 
procaine to the heart reduced the irritability 
of the myocardium so that a considerably 
stronger stimulus was needed to produce ven-
tricular fib9llation. Burstein et aI.c demon-
strated that ventricular fibrillation could be 
produced in the experimental animal by the 
intravenous injection of epinephrine during 
cyclopropane anesthesia. It was possible to 
prevent the occurrence of fibrillation, if the 
injection of epinephrine was preceded by an 
intravenous injection of procaine. 
One of the surprising effects of the intra-
venous administration of procaine is the clear-
ing up of urticaria! skin manifestations in 
serum sickness and other allergic conditions. 
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Graubard et al.c believe that p~ocaine has a 
twofold action in traumatized and inflamed 
tissues: (1) direct action on irritated nerve 
fibers; (2) indirect action of diethylamino-
ethanol on the endothelium of blood vessels 
and capillary walls to lessen fluid loss from the 
blood to the tissues. The latter idea is based 
on the structural similarity of diethylamino-
ethanol to benadryl which has well-known 
antihistamine activity. Most investigators 
agree that procaine is concentrated in trauma-
tized or inflamed tissues because of the exuda-
tion which occurs there. 
The concentration employed and the ad-
ministration of procaine has varied consider-
ably with different investigators and with the 
purposes for which the drug has been given. 
This will become apparent when the clinical 
application of intravenously administered pro-
caine is discussed. 
The subjective manifestations of intrave-
nous procaine injection in the conscious pa-
tient are usually not unpleasant. In five to 
seven minutes after the injection is started 
there is a sensation of warmth over the entire 
body. There is comfortable relaxation as pain 
is relieved. There is _some dryness of the mouth 
and a metallic taste. There is likely to be 
transient lightheadedness. The operator may 
observe flushing of the face and neck, tearing 
of the eyes, and dilatation of the pupils. More 
severe responses are marked dizziness, appre-
hension, sensation of trembling, sleepiness be-
yond comfortable relaxation, and momentary 
loss of consciousness. 
TOXICOLOGY 
The minimal lethal dose of procaine hydro-
chloride for the rabbit is 40 to 60 mg. per 
kilogram of body weight, 40 to 45 mg. per 
kilogram for the guinea pig, and 45 to 75 mg. 
per kilogram for the dog. The minimal lethal 
dose for man is unknown. It has been sug-
gested that many of the deaths attributed to 
procaine during local anesthesia may have 
been due to its combination with epinephrine 
rather than to the procaine alone, since epine-
phrine increases the toxicity of procaine about 
threefold. With the too rapid intravenous in-
jection of the 1 per cent solution of procaine 
hydrochloride convulsions may occasionally 
occur, but these are controlled by stopping the 
flow or by the intravenous injection of a bar--
biturate. 
Since the burden of the destruction of pro-
caine in the body falls upon the liver, one 
might expect evidence of damage to this organ. 
Jacoby et al. however, have recently demon-
strated that repeated massive doses of procaine 
hydrochloride adininistered to rats and dogs 
in acute and subacute experiments produce 
no hi~tologic evidence of damage in the liver, 
the spleen, the heart, or the kidney. Liver 
function tests done on human beings after the · 
administration of procaine intravenously gave 
no indication of impaired hepatic function. 
Richards has shown that starvation and a 
deficiency of vitamin C markedly increase the 
toxicity of procaine. He postulated that vita-
min C may be part of an enzyme system con-
cerned with the destruction of procaine. He 
suggested the administration of large doses of 
vitamin C and glucose before the use of pro-
caine in poorly nourished patients. 
A few, but by no means all, of the investi-
gators who have done the pioneer work on 
the intravenous use of procaine recommend 
· a preliminary skin test to determine the sensi-
tivity of the patient to the drug. It is suggested 
that 1 cc. of the 0.1 per cent solution be in-
jected intradermally. If the patient is sensi-
tive, the reaction is apparent in about ten 
minutes. Another wise precaution is the pre-
liminary administration of a therapeutic dose 
of a barbiturate. When procaine is to be in-
jected intravenously, an injectable barbiturate 
should be·available for immediate intravenous. 
administration. 
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CLINICAL APPLICATION 
Procaine has been used successfully by the 
intravenous route for the relief of various pru-
ritic conditions. Lundy, in 1940, used 20 cc. 
of 0.1 per cent procaine intravenously for the 
treatment of pruritis in jaundiced patients. 
State and Wangensteen encountered delayed 
serum sickness following the injection of crys-
tallized bovine albumin as a blood substitute. 
In order to relieve the severe joint pain which 
their patients suffered, they gave I gm. of 
procaine hydrochloride in 500 cc. of physio-
logical saline solution during a period of two 
hours. To their surprise, all the manifestations 
of serum sickness subsided almost immedi-
ately. Appelbaum et al. observed rapid dis-
appearance of the urticaria} rash and the joint 
symptoms of serum sickness, resulting from a 
prophylactic dose of tetanus antitoxin, follow-
ing the intravenous injection of I gm. of pro-
caine hydrochloride in 500 cc. of physiological 
saline solution. Dressler and Dwork have re-
ported the almost immediate subsidence of the 
arthralgia and the urticaria} rash produced by 
penicillin in a sensitive patient. Their dosage 
of procaine was I gm. in 500 cc. of physio-
logical saline by the intravenous route. 
Graubard et al.•·c employed a 0.1 per cent 
solution of procaine hydrochloride in a dosage 
of 4 mg. per kilogram of body weight with 
gratifying results in the treatm~nt of traumatic 
conditions. This dosage should not be ad-
ministered in less than twenty minutes. 
Among the conditions successfully treated 
were sprains, fractures, and traumatic arthritis. 
The intravenous injection of procaine has 
proved to be of definite value for the pre-
vention of cardiac irritability during thoracic 
surgery. Mautz, as mentioned previously, in 
1936 called attention to the reduction in car-
diac irritability produced by the epicardial 
and intravenous administration of procaine. 
Burstein•, and Burstein and Alexander,b 
later reported the intravenous use of pro-
caine hydrochloride in a large number of 
patients with acute cardiac arrhythmias dur-
ing intrathoracic surgery. The drug was given 
in dosages ranging from 30 to 70 mg. in 1 per 
cent solution injected rapidly by vein with 
uniformly good results. 
Bittrich and Powers have recently reported 
their experience in 17 cases with intravenous 
procaine in thoracic surgery. They employed 
a continuous intravenous drip of I per cent 
procaine hydrochloride at the rate of 65 to 
I 00 drops per minute during the operative 
procedure. In spite of the procaine, 5 of the 
17 patients developed cardiac arrhythmias. It 
was the authors' impression that their patients 
tolerated thoracic surgery better and made 
easier recoveries with the use of intravenous 
procaine. 
Graubard et aI.c reported the intravenous 
injection of procaine hydrochloride in a dos-
age of 4 mg. ~r kilogram of body weight in 
0.1 per cent solution in the treatment of 
osteoarthritis. The results were exceedingly 
good with the relief 'of pain with increased 
mobility for prolonged periods of time. 
Gordon found the use of intravenously ad-
ministered procaine of great value for the 
control of pain in 10 patients during the dress-
ing of severe burns. He gave a liter of 0.1 per 
cent solution of procaine hydrochloride over 
a period of one and a half hours. Pain was 
relieved without the simultaneous use of 
morphine. 
McLachlin found the intravenous use of 
procaine hydrochloride superior to morphine 
for the control of postoperative pain. In a 
series of ten cases he injected 1.0 gm. of pro-
caine hydrochloride in 500 cc. of physiological 
saline solution in one to one and a half hours. 
This was repeated as needed in some of the 
patients. The surgical convalescence of these 
patients was unusually comfortable. Allen, 
and Crossman et al.b have actually performed 
major surgical procedures using a continuous 
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intravenous infusion of I per cent procaine 
hydrochloride given at rates up to 20 cc. per 
minute. They did not, however, recommend 
this method for general use. 
Allen • in 1945 reported the use of intra-
venous procaine for the production of anes-
thesia in 12 obstetrical cases at the City Hos-
pital, Welfare Island, New York. For this pur-
pose, a I per cent solution of procaine hydro-
chloride was given at the rate of 0.5 to 13 cc. 
per minute depending upon the degree of 
analgesia or anesthesia reqqired. 
Johnson and Gilbert, also of the City Hos-
pital, Welfare Island, reported 20 obstetrical 
cases in which · I per cent procaine hydro-
chloride was used intravenously as the anal-
gesic and anesthetic agent. The only compli-
cation occurring in the 32 cases covered in 
these two reports was the occurrence of mild 
convulsions, which were easily controlled and 
apparently harmless. The authors, although 
they admitted that their series was small, be-
lieved that the method was simple and safe 
for both mother and child. 
SUMMARY 
1. The intravenous injection of procaine 
hydrochloride for a variety of clinical condi-
tions constitutes a surprising new chapter in 
therapeutics. 
2. With adequate precautions as to dosage 
and rate of administration, procaine can be 
safely given by the intravenous route in con-
centrations of 0.1 to I per cent. 
3. It has been used successfully for serum 
sickness, the pruritis of jaundice, trauma of 
soft tissues, bones and joints, in the preven-
tion and treatment of cardiac arrhythmias 
during intrathoracic surgery, for the relief of 
pain in osteoarthritis, for the control of pain 
during the dressing of bums, for postopera-
tive pain, and for obstetrical analgesia and 
anesthesia. 
4. Procaine hydrochloride should be ban-
died carefully so that this useful new method 
may not be discredited by accidents and un-
necessary danger to patients. 
REFERENCES 
Allen, F. M.: (a) Intravenous obstetrical anesthesia, Am. 
J. Surg. 70:285 (Dec.) 1945. 
--, Crossman, L. W., and Lyons, L. V.: (b) Intra-
venous procaine analgesia, Anesth. and Analg. 25: 1 Oan.-
Feb.) 1946. 
Appelbaum, E.; Abraham, A., and Sinton, W.: A case of 
serum sickness treated with procaine inttavenously, J. A. 
M. A. 151: (Aug. 17) 1946. 
Bier, A.: Ueber eine neue Methods der lokalen Anas-
thesie, Miinchen med. Wchnschr. 1:589, 1909. 
Bittrich, N . M., and Powen, W. F.: Intravenous procaine 
in thoracic surgery, Anesth. and Analg. 27:181 Ouly-Aug.) 
1948. 
Burstein, C. L.: (a) Treatment of acute arrhythmias dur-
ing anesthesia by intravenous procaine, Anesthesiology 
7: 115 (Mar.) 1946. 
--, and Alexander, F. A. D.: (b) Anesthesia for 
thoracic surgery. Management in an Army general hospital 
overseas, Anesthesiology 8:56 Oan.) 1947. 
--Marangoni, B. A.; DeGraff, A. C., and Roven-
stine, E. A.: (c) Laboratory studies on the prophylaxis and 
treatment of ventricular fibrillation induced by epine-
phrine during cyclopropane anesthesia, Anesthesiology 1: 
167 (Sept.) 1940. 
Dressler, S., and Dwork, R. E.: Reactions to penicillin: 
procaine hydr<Khloride intravenously in the treatment of 
reactions similar to serum sickness, J. A. M. A. 155:84!> 
(Mar. 22) 1947. 
Eggleston, C., and Hatcher, R. A.: Pharmacology of local 
anesthetics, J. Pharmacol. 8' Exper. Therap. 15:455, 1919. 
Goldberg, A.; Koster, H., and Warsaw, R.: Fate of pro-
caine in the human body after subarachnoid injection. 
Arch. Surg. 46:49 Oan.) 1945. 
Gordon, R. A.: Intravenous novocaine for analgesia in 
burns: Preliminary report, Canad. Med. Ass. J. 49:478. 
1945. 
Graubard, D. J., and Ritter, H. H.: (a) Intravenous 
procaine in the treatment of trauma, Am. J. Surg. 74:76!> 
(Nov.) 1947. 
-, Robertazzi, R. W., and Peterson, M. C.: (b) 
Microdetermination of blood levels of procaine hydro-
chloride after intravenous injection, Anesthesiology 8:256 
(May) 1947. (c) Intravenous procaine: a _preliminary re-
port, N. W. State J. Med. 47:2187 (Oct. 15) 1947. 
Jaooby, J. J.; Coon, J . M.; Woolf, M. P.; Salerno, P. R., 
and Livingstone, H.M.: Effect of procaine on liver func-
tion, an ex~mental and clinical study, Anesthesiology 
9:481 (Seit.) 1948. 
Johnson, K., and Gilbert, C.R. A.: Intravenous procaine 
for obstetrical anesthesia, Anesth. and Analg. 25:155 Ouly-
Aug.) 1946. 
Medical Arts and Sciences 133 
Lundy, J. S.: Clinical anesthesia. Philadelphia, W. B. 
Saunders Co. 1942, pp. 392 and 583. 
McLachlin, J. A.: The intravenous use of novocaine as 
a substitute for morphine in postoperative care, Canad. 
Med. Ass. J. 52:383 (Apr.) 1945. 
Mautz, F. R.: Reduction of cardiac irritability by the 
epicardial and systemic administration of drugs as a pro· 
tection in cardiac surgery, J. Thoracic Surg. 5:612 (Aug.) 
1936. 
Richards, R. K.: Effects of vitamin C deficiency and 
starvation upon the toxicity of procaine, Anesth. and 
Analg. 26:22 (Jan.·Feb.) 1947. 
State, D., and Wangensteen, 0. H.: Procaine intrave· 
nously in treatment of delayed serum sickness, J. A. M. A. 
130:990 (Apr. U) 1946. 
INTRA VENOUS PROCAINE DURING 
THORACIC SURGERY* 
FORREST E. LEFFINGWELL, M.D. 
With increasing boldness and skill surgeons 
are probing into hitherto inaccessible areas, 
altering and remodeling tissues of some of 
our most vital organs and effecting surgical 
cures for conditions which a decade ago were 
accepted as unfortunate but incurable mala-
dies. Among the most recent beneficiaries of 
such surgical intrepidity are those successfully 
undergoing surgery of the heart and great 
vessels. As a result of such surgery many chil-
dren, once in hopeless invalidism because of 
some congenital cardiovascular defect, now 
lead normal lives, with a greatly extended life 
expectancy. 
Surgery on the heart and paracardial struc-
tures or traction on the hilus of the lung may 
initiate serious arrhythmias which can result 
in death if not promptly contr.olled. Proce-
dures involving the pericardium are particu-
larly apt to be followed by severe derange-
ments of rhythm. Thus anesthesiology is faced 
with another challenge. 
Various investigators, Mautz (1936), Shen 
and Simon ( 1938), and Burstein and Maran-
goni ( 1940), have shown that irritability of 
the myocardium and conduction system of 
the heart may be reduced by topical applica-
tion or intravascular injection of procaine, 
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thus preventing fibrillations which would or-
dinarily occur under the conditions of the 
experiment. In many instances procaine re-
established a normal rhythm even after fibril-
lation had been induced. 
The recent war produced a large number 
of cases in which operative procedures were 
carried out on the heart. These provided an 
excellent clinical test of the above mentioned 
principles. Burstein reports 14 cases in which 
dysrhythmias were corrected during surgery 
by intravenous injection of 1 per cent pro-
caine. These occurred in a series of 121 opera-
tions in which shell fragments or other foreign 
bodies were removed from the pericardium, 
myocardium, or from within or in close re-
lation to the great vessels. 
Disturbances of rhythm and shifting of the 
pacemaker may result either from direct 
stimulation of cardiac muscle or reflexly 
through the well-known vago-vagal mechan-
ism. In the laboratory, cardiac arrhythmias 
can be produced almost at will in animals 
under cyclopropane anesthesia by injections 
of epinephrine in doses which are no more 
than double the amount which may be ex-
pected to be secreted during an average emo-
tional strain. Vago-vagal reflexes may be initi-
ated by stimulation of the perica{dium or by 
traction on the hilus. These impulses which 
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are received by afferent fibers of the vagus 
nerve and reconveyed to the heart over ef-
ferent pathways of the same nerve, produce 
dysrhythmias of varying severity. Likewise, 
stimulation of vagal afferent end organs in the 
respiratory tract by passage of an endotracheal 
tube or bronchial aspiration during light an-
esthesia may result in alarming cardiac dis-
turbances. One such instance is known by 
the writer to have produced a cardiac stand-
still which terminated fatally. Procaine was 
not used in that instance. 
The conditions which pertain in intra-
thoracic surgery are, therefore, particularly 
conducive to the occurrence of cardiac ar-
rhythmias, namely: (1) The presence in the 
circulation of more than normal quantities of 
epinephrine secreted in physiological response 
to emotional stresses. (2) The direct and re-
flex stimulation occasioned by traction and 
manipulation of cardiac, paracardiac, and 
pericardiac tissues as well as hilar structures. 
(3) The desirability of endotracheal intuba-
tion and the frequent need for intermittent 
bronchial aspiration. 
The use of procaine intravenously to 
quench undesirable reactions from these 
stimuli has now become a widespread custom. 
The mechanism is that of reducing the ir-
ritability of the cardiac conduction system. 
Whereas Burstein achieved this result by in-
termittent injections •of 4 to 7 cubic centi-
meters of 1.0 per cent procaine after the ap-
pearance of the arrhythmias, it is now more 
common practice to administer a weaker (0.1 
per cent) solution continuously throughout 
surgery as a prophylactic measure in any case 
where cardiac disturbances might reasonably 
be expected to develop. 
There are some by-products of this pro-
cedure, other than control of dysrhythmias, 
which are of interest. There appears to be a 
synergistic action between procaine and other 
anesthetic agents, particularly pentothal, 
which decreases the required dosage of the 
latter. Bittrich and Powers feel that it greatly 
lessens coughing and bronchospasm, even in 
light planes of anesthesia. It was also their 
impression that patients receiving intravenous 
procaine seemed to tolerate surgery better, 
show less shock, and make more rapid recov-
eries. 
Pentothal, through its cortical. depression, 
effectively counteracts the convulsant proper-
ties of procaine. By way of caution it should 
be noted that ether and cyclopropane do not; 
therefore, when procaine is used with the 
latter agents one must be constantly on the 
alert for toxic symptoms. Pentothal should 
either be administered concomitantly or be 
available for instantaneous injection. 
It is now evident that the intravenous ad-
ministration of procaine has become a valu-
able addition to the armamentarium of the 
anesthesiologist in his endeavor to preserve 
the integrity of the thread of life while the 
surgeon carries out his heroic aMignment with-
out restrictions. 
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THE CENTRAL ACTION OF PROCAINE* 
CLARENCE W. OLSEN, M.D. 
Lewy, who recommended ·intravenous pro-
caine as a treatment for tinnitu~ aurium in 
1936 (following a report by R. Barany), 
stated: "Since there are so many etiologic fac-
tors in the production of tinnitus and despite 
this procaine hydrochloride had some effect 
in varying its intensity, it is assumed that the 
action is central." 
Procaine was introduced as a local anes-
thetic with advantages over cocaine, especially 
as regards relative freedom from dangerous 
central effects. It was very soon found advan-
tageous to combine the procaine with some 
hemostatic agent, commonly epinephrine. 
This greatly improved the local anesthetic 
effect of the drug as well as prolonsing its 
local action. It has taken a long time for the 
profession to realize that under conditions of 
fatigue, apprehension, and shock (conditions 
which frequently exist when an anesthetic is 
to be given), epinephrine itself can become a 
very deadly poison. Because of the almost uni-
form custom of using procaine in combina-
tion with epinephrine or some closely related 
hemostatic agent, it is impossible to collect 
many cases of fatality from local anesthesia 
with procaine alone, and there is actually 
question in the minds of ·some authorities 
whether procaine injected locally has ever 
been solely responsible for fatality. There is, 
however, evidence that it can be so (Martin, 
1928). It is also likely that extensive use of 
procaine intravenously has been long delayed 
because of the toxic effects observed when it 
was given in conjunction with epinephrine 
as a local anesthetic agent. 
In theoretical discussions of the action of 
• From the Deplll'tment of Nervoua D-..., College of Medical 
Evanpliat1. 
procaine administered intravenously, consid-
erable emphasis has been laid upon the local 
effects. It has been explained that because of 
a tendency for the drug to reach an equilib-
rium in the blood and in the tissue fluids, 
the concentration of the drug is naturally 
greater (seven to eight times) where blood 
vessels are altered by injury or inflammation. 
It appears that when procaine hydrochlo-
ride is injected intravenously, the indications 
of a central effect are more emphatic when 
the solution is given rather rapidly. The ob-
jective symptoms that I have observed are 
lacrimation, dryness of mouth, slight flushing 
of the face, pounding of the heart, with over-
distention of the lungs and labored respira-
tion, tremor, and perspiration of the hands, 
with clamminess. The patient complains of 
trembling inside, a funny feeling, nervousness, 
dryness of the mouth, and palpitation. He 
may talk in a rather anxious manner and may 
be restless enough to want to sit up or walk 
about rather than lie down. The widespread 
objective and subjective evidences of auton-
omic stimulation coupled with the subjective 
experience of apprehension and even agita-
tion strongly suggest that there is a central 
mechanism at work, probably a thalamic ac-
tivation. The symptoms are similar to the 
syndrome described by Penfield under the 
term "diencephalic autonomic" epilepsy. The 
main differences are excessive salivation and 
warmth of the skin in the latter condition. 
However, that may be a question of the de-
gree to which the diencephalic effect develops, 
and it is reported that with the procaine in-
jections coma may ensue, as in the dience-
phalic epilepsy. 
Recently the author and his associates have 
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been engaged in studies which at first sight 
seem to strengthen the impression that the 
central action of procaine may account for 
some of its dramatic therapeutic effects. With 
the simple empirical idea that a drug known 
to be potent in relief of ventricular fibrilla-
tion might have some ameliorating effect in 
cases of cerebral dysrhythmia, the authors ad-
ministered intravenous procaine to a series of 
patients known to have more or less severe 
cerebral dysrhythmia. These patients suffered 
from a rather wide variety of acute and 
chronic nervous diseases, and the only com-
mon denominator was cerebral dysrhythmia. 
Not only did the dysrhythmia show dramatic 
improvement coincident with the administra-
tion of procaine hydrochloride, but simul-
taneously the subjective and objective symp-
toms, both neurologic and psychologic, like-
wise responded in a very encouraging way. 
Neither vasodilatation of the cerebral ves-
sels nor general stimulation of sympathetic 
nerve endings has so far been demonstrated to 
exert such effects on the function of the central 
nervous system as we have observed with pro-
caine. 
Probably some of the central effects of pro-
caine can be obtained with local infiltration. 
This is, of course, generally admitted when 
untoward results occur, but it should also be 
considered in connection with the favorable 
effects. Macpherson recently expressed the 
idea that in some cases we are getting the 
beneficial effects of procaine injection through 
central action even though the injection is 
purposely given at or near the site of the pain. 
It is interesting to recall that when mor-
phine was introduced into medical practice it 
was considered advisable to inject it into the 
site of the pain which required treatment. 
The Encyclopaedia Britannica, in its eleventh 
edition (1911), represents this concept pretty ..... 
well when it states that ordinary hypodermic 
injection of morphine is indicated for internal 
or otherwise inaccessible pains, but for sci-
atica, injection into the affected muscle is 
recommended. 
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